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By Warren H. Nelson and John B. McDevitt 
SUMMARY 
An investigation to determine the aerodynamic characteristics of 
a series of thin, rectangular wings was conducted in the Ames 16-foot 
high-speed wind tunnel, utilizing the transonic-bump technique over 
a Mach number range from 0.40 to 1.10, corresponding to a Reynolds 
number range from 1.25 to 2.05 million. The lift, drag, and pitching-
moment data are presented for wings having aspect ratios of 6, 4, 3, 2, 
1.5, 1, and 0.5, and NACA 63AOXX sections with thickness-to - chord ratios 
of 10, 8, 6, 4, and 2 percent. 
INTRODUCTION 
The purpose of this investigation was to provide comprehensive 
data on the effects of aspect ratio and thickness on the aerodynamic 
characteristics of a family of symmetrical, straight wings through 
the transonic speed range. 
Twenty-two wings in all were investigated, with aspect ratios of 
6, 4, ], 2, 1.5, 1, and 0.5. Rectangular plan forms were used, and the 
profiles were NACA 63AOXX sections having thickness-to-chord ratios of 
10, 8, 6, 4, and 2 percent. 
In order to obtain an indication of the reliability of the bump 
data, a semispan scale model of the larger, fu l l - span, aspect - ratio - 2 
wing reported in reference 1 was also constructed and tested on the 
bump. 
lSupersedes recentl y declassified NACA 
and John B. McDevitt, 1951 • 
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NOTATION 
twice semispan drag drag coefficient, --
qS 
total drag coefficient minus drag coefficient at zero lift 
1 0ft ff O ° t twice semispan lift l coe lClen, 
qS 
em pitching-moment coefficient, referred to 0 .25 C, 
A 
L 
15 
twice semispan pitchi ng moment 
aspect ratiO, ~2 
S 
lift-drag ratio 
qSc 
(~\ maximum lift-drag ratio D)max 
M Mach number 
R Reynolds number based on mean aerodynamic . chord 
S total wing area (twice wing area of semispan model), sq ft 
V velocity, ft/sec 
b twice span of semispan model, ft 
c local wing chord, ft 
c 
q 
t 
c 
mean aerodynamic chord, 
dynamic pressure, 1 V2 2" p , 
thickness-to-chord ratio 
f
o
b/2 c 2 dy 
f b/2 
0 c dy 
lb/sq ft 
, ft 
y spanwise distance from plane of symmetry, ft 
angle of attack, deg 
air density, slugs/cu ft 
slope of lift curve measured at zero lift, per deg 
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slope of pitching-moment curve measured at zero lift 
APPARATUS 
Wind Tunnel and Equipment 
These tests were conducted on a transonic bump in the Ames 16-foot 
high-speed wind tunnel. The bump is described i n detail in reference 2. 
The aerodynamic forces and moments were measured by means of a strain-
gage balance mounted inside the bump . 
Models 
The sting-supported full-span model mounted centrally in the wind 
tunnel and the similar reduced-scale, semispan model mounted on the bump 
are shown in fi~re 1. These wings, used to provide a comparison of the 
results obtained with the two testing techniques, had NACA 651 -210 sec -
tions, aspect ratios of 2, and taper ratios of 0.4. 
A typical mounting of the rectangular wings on the bump is shown in 
figure 2. The principal dimensions and plan forms of the rectangular 
wings are shown in figure 3. Five aspect -ratio -6 wings of the various 
thicknesses used were constructed and the aspect ratios of 4, 3, 2, 1.5, 
1 and 0.5 were obtained by successively cutting off the tips. The profiles 
were NACA 63AOXX sections having thickness-to - chord ratios of 10 , 8, 6, 4, 
and 2 percent (fig. 4). 
A fence located 3/16 inch from the bump surface was used to keep 
leakage, originating inside the bump, from affecting the flow over the 
model. This leakage is the result of clearance between the wing and 
bump surface required for this type of mounting. 
TESTS AND PROCEDURE 
Range of Test Variables 
The characteristics of the rectangular wings were investigated for 
a Mach number range from 0.4 to 1.10. The variation of Reynolds number 
with Mach number for the rectangular wings is shown in figure 5. The 
angle -of-attack range was limited from _20 to 200 by the balance mech-
anism,.and for some of the thinner wings it was limited to a smaller 
angle-of-attack range by the bending stress at the r oot. 
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The aspec t ratios and thickness ratios tested ar e shown in the fol -
l owi ng table : 
Aspect ·Thi ckness - to-chord ratio 
r ati o 0 .10 0 . 01::3 0 . 06 0 .04 0 .02 
6 x x x 
--- ---
4 x x x x ---
3 --- --- --- x ---
2 x x x x x 
1.5 --- --- --- x x 
1 x x x x x 
0·5 --- --- --- x x 
Reduction of Data 
The te s t data have been r educed to standard NACA coefficient form . 
A drag correction was appl ied to account for an interaction between the 
l ift and drag components of the bal ance . A tare correction to the drag 
of the rectangular wings to account for the drag of the fence was eval u-
at ed by cutting the wing off f l ush with the fence and testing the fence 
a l one. 
The magnitude of the tare -dr ag coefficient, which depended on the 
areas of the wings, was 0 .0175 for the aspect- ratio -0 .5 wings and 0 .0014 
for the aspect - ratio - 6 wings. The measured fence tare -drag coefficient 
did not change appreciably with Mach number or with changes in angle of 
attack. The interferehce effects of the fence and the effects of leakage 
around the fence are unknown; corrections for these effects have not been 
made . These effects woul d be greatest on the lower aspect -ratio wings 
since they have the smal ler area . 
The mode l s investigated on the transonic bump are mounted in a l ocal , 
high-velocity region . Typical contours of local Mach number in the bump 
f l ow fie l d ar e shown in figure 6. Outl ines of the rectangular wings have 
been superimposed on these diagrams to indicate the Mach number gradients 
which existed ac r oss the wings duri ng the tests. No attempt has been 
made to evaluate the effects of these gradients . The test Mach number s 
presented in this report are the average Mach numbers over the wings. 
RESULTS 
The drag data presented herein should be used with caution , particu-
l arl y that f or the lower Mach numbers or aspect ratios where the measur ed 
l oads were small compared to the capacity of the bal ance . For this reason, 
• 
• 
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only data above 0 .70 Mach number have been used in the cross pl ots involv-
ing drag measurements . Other factors which contribute to the uncertainty 
of the drag data are the large drag tares (for the lower aspect ratios), 
the fact that the l ift - drag interaction mentioned previousl y may have 
varied s l ightly with time, and the Mach number gradients existing through-
out the flow field of the bump . However, it is bel ieved that the trends 
shown throughout the transonic speed range are qual itativel y correct . 
Figure 7 presents a comparison of the lif t, drag, and pitching-
moment data for the tapered, aspect - ratio - 2, NACA 651- 210 wings for the 
full-span model mounted on a sting in the center of the wind tunnel, and 
for the semispan model mounted on the bump . The Reynol ds number range 
was about 2 to 3 million for the bump test, and it was about 6 to 9 
million for the sting test. 
The basic lift, drag, and pitching-moment data from the bump tests 
of the rectangular wings are presented in figures 8 through 10 . 
The variation of lift -drag ratio with l ift coefficient is shown in 
figure 11 . The maximum lift -drag ratios and the l ift coefficients at 
which they occurred are shown as functions of Mach number in figures 12 
and 13, respectively. The maximum lift -drag ratios appear erratic for 
some of the wings (especially the aspect -ratio - l wings), particularly 
at the lower transonic Mach numbers . However, it is believed that the 
trends shown at the higher Mach numbers are correct . Phenomena of flow 
separation and reattachment as well as changes in the boundary layer may 
occur as the Mach number changes, so that it seems probable that some of 
the irregularities indicated do actually exist . 
The variations with Mach number of the lift- curve slopes, the drag 
coefficients, and the pitching-moment - curve slopes are shown in figures 
14 through 16 for rectangular wings. All the slopes shown in these 
summary curves were measured at zero lift . It should be noted that 
slopes are shown even for those cases in which the curves were nonlinear . 
The data presented in this report have been analyzed in reference 3, 
utilizing the transonic simil arity rules . 
Ames Aeronautical Laboratory 
National Advisory Committee for Aeronautics 
Moffett Field, Calif., Jan. 12, 1951. 
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Figure 1.- The two methods of mounting the tapered, aspect-ratio - 2, NACA 651-210 wing models. ~ 
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Figure 2.- An aspect-ratio - 2, rectangular wing model with an NACA 63AOo4 
section mounted on the transonic bump in the l 6-foot high-speed wind 
tunnel. 
• 
,. 
~ • 
I. I 5 0 ----------• ~I 
I. 1.00 . 1 
0.75 ~ I 
I. 0 .50 
0 .375 
0 .250 f.-
0 .125 
T 
~ 
~ 
~ 
A' ' ~ 
Di mensions in fee t 
Aspect Isemispan, AreC! of 
R t ' ft semlspan, 
a 10 sq f t 
0 .5 0./25 0.0625 
/ 0 .25 . /25 
1.5 0.375 .1875 
2 0 .50 .250 
3 0 .75 .375 
4 1.00 .500 
6 /.50 . 750 
---l 0 .229 
I _ --rl--,--
~ 
~ 
c) 
11 
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Figu re 12.- The variation of maximum lift-drag ratio with Mach number for the rectan-
gular wings with NA CA 63AOXX sections. 
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Figure 13.- The variation of lift coefficient for maximum lift-drag ratio with Mach 
number for the rectangular wings with NA CA 63AOXX sections. 
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